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Summary:  
This document presents generic compatibility studies between the RAS in the frequency range 
3.33-3.35 GHz and IMT 5G MFCN AAS systems in the frequency range 3.4-3.6 GHz. Both single-
interferer and aggregate emission scenarios were studied, while assuming that the RAS will be 
affected in the spurious domain of the emission mask of the IMT devices. For the protection of 
RAS observations from detrimental interference by IMT devices, exclusion zones around RAS 
stations will be required. For the aggregate scenario, the necessary separation distances from 
RAS stations for IMT base stations plus their linked user equipment are about 17 km for spurious 
emissions at the -49 dBm/MHz power level, whereas for a level of -68 dBm/MHz separation 
distances are only about 1 km. These generic results do not use detailed terrain information and 
apply to regions that can be reasonably well described as flat countryside. More specific case 
studies are needed for RAS stations in mountainous terrain. 
 

Proposal: 
For consideration at the ECC-PT1 meeting and incorporation into a draft ECC Report, as 
appropriate. 

Background: 
ECC-PT1 is the responsible group for assessing the usage of frequency range 3400-3800 GHz for 
the introduction of 5G-based services in Europe. This includes compatibility studies with  
incumbent services like the RAS 
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Introduction 

This compatibility study concerns the protection of the radio astronomy service (RAS) in the 
frequency range 3.33-3.35 GHz from unwanted emissions of IMT base stations (BS) and user 
equipment (UE) operating in the frequency band 3.4-3.6 GHz. It is assumed that the RAS will be 
affected in the spurious domain of the emission mask of the IMT devices. 

The following is based on a similar IMT-RAS compatibility study, which concerns the RAS 
frequency band 42.5-43.5 GHz and IMT systems in the frequency range 37-43.5 GHz (see 
Document PT1(17)_43GHz_CRAF). The editor's notes are from TG 5/1, see Annex 5 to Appendix 
5 to Document 5-1/173, the notes from CRAF are marked as "CRAF reply:". 

 

COMPATIBILITY STUDY BETWEEN THE RAS IN THE FREQUENCY 
RANGE 3.33-3.35 GHZ AND IMT 5G SYSTEMS IN THE FREQUENCY 

RANGE 3.4-3.6 GHZ  

 

Summary of studies 
Table 1 contains a summary of the compatibility study presented here between the RAS in the 
frequency range 3.33-3.35 GHz and IMT 5G systems in the frequency range 3.4-3.6 GHz.   
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TABLE 1 

Overview of the compatibility study between the RAS in the range 3.33-3.35 GHz and IMT in the band 3.4-3.6 GHz 

[Editor’s note: Discussion on clarifications for some of the parameters in the left-hand side column is on-going in TG 5/1. Results of the 
discussion there may need to be taken into account in future studies.] 

[Editor’s Note: Members are invited to review the materials included in the study tables to assure proper application and accuracy of answers 
provided] 

 Parameters from expert WPs and TG 5/1  
Ad-Hoc Group 

PT1(17)216 

Methodology   

Number of IMT 
stations 
considered 

Single-entry or Multiple-entry (aggregated) Single-entry and Multiple-entry (aggregated) 

Type of 
interference 
evaluation 
method 

Deterministic study or Statistical study  Statistical study 

If statistical,  
based on Rec. ITU-R M.2101? 

In general, yes - as appropriate 

Technical and operational characteristics of IMT-2020 systems 

Deployment 
scenario 

�� Outdoor urban hotspot, 

�� Outdoor suburban hotspot, 

�� Outdoor suburban open space hotspot (optional), 

�� Indoor 

�� Outdoor urban hotspot, 

�� Outdoor suburban hotspot, 

�� Outdoor suburban open space hotspot 

IMT stations BS and UE BS and UE 

Method to 
deploy multiple 
IMT stations for 
the aggregated 
interference 
analysis 

Ra & Rb method: 

�� Ra: Urban (Outdoor): 7%, Suburban (Outdoor): 3%,  Urban (Indoor) 2%, 
Suburban (Indoor) 1% 

�� Rb: 5% 

[Editor’s note: Under discussion in TG 5/1] 

Ra & Rb method: 

�� Ra: Urban (Outdoor): 40%, Rural (Outdoor): 1% 

�� Rb: 5% 
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 Parameters from expert WPs and TG 5/1  
Ad-Hoc Group 

PT1(17)216 

Network loading 
factor for BS and 
UE (% 

20 20 

TDD activity 
factor (%) 

BS: 80, UE: 20 BS: 80, UE: 20 

Number of 
simultaneously 
transmitting 
stations in the 
aggregated 
interference 
analysis 

–  Within a box of 400 km × 400 km a total of 10000/250 (urban/rural) BSs and 
561000/7550 (urban/rural) UEs are sampled during each Monte Carlo 
iteration. These numbers represent the situation before TDD activity is 
accounted for. To calculate necessary separation distances, si, the power of 
all devices was aggregated (considering path propagation losses and 
effective antenna gains), neglecting all devices within spheres of radius si. 

Antenna pattern Rec ITU-R M.2101 Composite antenna patterns in Rec ITU-R M.2101, with efficiency, ρ 

Normalization of 
antenna gain 

[Editor’s note: Under discussion in TG 5/1]  Total integrated gain correction 

Technical and operational characteristics of RAS stations 

Protection 
criterion I/N (dB) 

Recommendation ITU-R RA.769-2 

 Power entering 
receiver 

Spectral PFD 

Interference (continuum 
measurements); from 

RA.769 

-191 dB(W / 1000 MH)z -227 dB(W/m2 Hz) 

Interference (spectral line 
measurements) 

-207 dB(W/500 kHz) -210 dB(W/m2 Hz) 

Antenna noise temp. (K)  25  25 

Receiver noise temp. (K) 65 65 
 

 

 Power entering 
receiver 

Spectral PFD 

Interference 
(spectral-line 

measurements); 
from RA.769 
(interpolated) 

-219 dB(W/40 kHz) -232 dB(W/m2 Hz)  

Antenna noise 
temp. (K) 

 12  12 

Receiver noise 
temp. (K) 

10 10 

 

Other 
characteristics of 
RAS stations 

Recommendation ITU-R RA.769-2 assumed that the interference enters the 
antenna through the 0 dBi sidelobe and hence the gain is assumed to be 
isotropic. If the antenna pattern for RAS is needed it can be obtained via 
Recommendation ITU-R SA.509. Locations and characteristics of RAS 

An isotropic antenna with a gain of 0 dBi with a height of 50 m above the 
ground is assumed. 
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 Parameters from expert WPs and TG 5/1  
Ad-Hoc Group 

PT1(17)216 

antennas exist in various Recommendations and Reports in the ITU-R 
literature e.g. Recommendation ITU-R RS.2066 and Report ITU-R M.2322. 

Apportionment of interference between services 

Apportionment 
value (dB) 

Case-by-case 0 

Propagation 
model 

  

Baseline Rec. ITU-R P.452 Rec. ITU-R P.452 (with a flat profile) with p = 2% 

Clutter loss Rec. ITU-R P.2108 Distribution of clutter loss values based on Rec. ITU-R P.2108 (median: 24.4 
dB) 

Results of 
studies 

  

Single-entry 
interference from 
an IMT station 

– Separation distances around RAS stations, ρ=0.8 

Zone Pspurious 
(dBm/MHz) 

Separation 
distance 
for BS 
(km) 

Separation 
distance 
for UE 
(km) 

Separation 
distance 
for BS + 
UE (km) 

 Spurious emission case 

Urban -49 25 1 n/a 

Rural -49 25 1 n/a 

Urban -68 2 1 n/a 

Rural -68 2 1 n/a 
 

Aggregated 
interference from 
multiple IMT 
stations 

– Separation distances around RAS stations, ρ=0.8 

 

 

Uniform deployment density 
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 Parameters from expert WPs and TG 5/1  
Ad-Hoc Group 

PT1(17)216 

Zone Pspurious 
(dBm/MHz) 

Separation 
distance 
for BS 
(km) 

Separation 
distance 
for UE 
(km) 

Separation 
distance 
for BS + 
UE (km) 

 Spurious emission case (2%) 

 -49 16 4 17 

-68 1 1 1 

 

Clustered deployment density 

Zone Pspurious 
(dBm/MHz) 

Separation 
distance for 

BS (km) 

Separation 
distance for 

UE (km) 

Separation 
distance for 

BS + UE 
(km) 

Spurious emission case (2%) 

 -49 26 10 27 

 -68 1 1 1 
 



 

 

1 TECHNICAL ANALYSIS 
 1.1     Study parameters 
         1.1.1     RAS station parameters 

The frequency range 3.33-3.35 GHz is extremely important to the RAS for observations of spectral 
lines of the CH molecule, which is among the radio-frequency lines of greatest importance to radio 
astronomy listed in Recommendation ITU-R RA.314. This spectral line is observed in the 
interstellar medium in the Milky Way and in other galaxies. The chemical processes related to the 
CH molecule are complex and difficult to interpret, in which observations of these radio spectral 
lines play an important role.  
The list of CEPT countries with radio astronomy stations operating in the frequency range 
3.33-3.35 GHz is as follows: Czech Republic (Ondřejov), France (Nançay), Germany (Effelsberg), 
Russia (Pushchino, Zelenschukskaya), Sweden (Onsala), Switzerland (Bleien). 

The IMT frequency band 3.4-3.6 GHz is almost adjacent the frequency bands 3.332-3.339 GHz 
and 3.3458-3.3525 GHz which are used by the radio astronomy service (RAS) and to which 
Footnote RR No. 5.149 applies, which urges administrations to take all practicable steps to protect 
the radio astronomy service from harmful interference. The RAS does not have an allocation in 
these two bands. In this study it is assumed that a sufficiently wide guard band between the IMT 
allocation and the RAS band will be implemented, such that the RAS will be affected in the 
spurious domain of the emission mask of the 5G devices. 

Threshold levels for interference detrimental to RAS observations are listed in Table 1; they are 
based on Recommendation ITU-R RA.769 (see also Document 5-1/27). In this study only the case 
of spectral-line RAS observations is considered. For the RAS station an isotropic antenna with a 
gain of 0 dBi with a height of 50 m above the ground is assumed. 

No modification has been applied to the interference threshold levels based on apportionment of 
interference between services, following the opinion expressed by the RAS expert group, WP 7D 
(see Document 5-1/176). 

 

TABLE 1 

Protection criteria for radio astronomy observations in the frequency range 3.33-3.35 GHz 
RAS allocation status 

RR Footnotes 1 
RAS use 2 

IMT/RAS band situation 

RAS protection criteria interpolated from Recommendation ITU-R RA.769-2 

no allocation 
RR No. 5.149 
narrowband 
Nearby band 

 

 Power entering receiver Spectral PFD 

Interference (spectral line 
measurements); from RA.769 

-219 dB(W/40 kHz) -232 dB(W/m2 Hz) 

Antenna noise temp. (K) 12 

Receiver noise temp. (K) 10 
 

Notes to Table 1: 
1) RR No. 5.149 states “In making assignments to stations of other services to which the bands (band list 

omitted) are allocated, administrations are urged to take all practicable steps to protect the radio 
astronomy service from harmful interference. Emissions from spaceborne or airborne stations can be 
particularly serious sources of interference to the radio astronomy service (see RR Nos. 4.5 and 4.6 and 
Article 29)”. 

2) The term “Broadband” corresponds to “continuum” observations (see Table 1 of Recommendation 
ITU-R RA.769-2) and “narrowband” to “spectral line” observations (see Table 2 of Recommendation 
ITU-R RA.769-2),respectively.  Both in-band emissions in these RAS bands and emissions from outside 
these RAS bands falling into them should remain below the thresholds for detrimental interference given 
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in Recommendation ITU-R RA.769-2, subject to Recommendation ITU-R RA.1513 which provides with 
2% data loss to the RAS due to interference by all stations of one service, and with an aggregate data 
loss of 5% in any band from all services. 

1.1.2    IMT parameters 

The IMT technical parameters used for this study (see Table 2) were mainly adopted from the draft 
ECC report "Analysis of the suitability of the regulatory technical conditions for 5G MFCN 
operations in the 2400-3800 MHz band" version of 5 September 2019 (see Document SWG-C 
Annex 9 - hereafter referred to as "the draft ECC report")  and otherwise from Attachment 2 to 
Document 5-1/36 pertaining to compatibility studies with IMT sytems under WRC-19 agenda item 1.13 (if 
the former document was not sufficient). The typical deployment densities are defined as a function 
of the environment of the IMT BS and UE, urban or rural hotspots. For larger-area compatibility 
studies, Document 5-1/36 also distinguishes which fraction of the land is to be assigned. The base 
stations are usually not operating at 100% of their maximum capacity. In the calculations a network 
loading factor of 20% is assumed, following Annex 1 to Document 5-1/92. The time division duplex 
(TDD) activity factors are 80% for base stations and 20% for user equipment. Antenna patterns are 
also taken from Attachment 2 to Document 5-1/36. 

The total integrated gain correction factors listed in Table 2 are based on the guidelines provided in 
Annex 1 to Document 5-1/173, where it is noted that they will be developed at the January 2018 
TG 5/1 meeting. For the composite antenna patterns the factors were calculated for the beam 
formed in forward direction only. 

[CRAF note: the parameters highlighted in yellow in Table 2 were not defined in the draft ECC 
report. The values for Ptx and the spectral mask value in dBc have not yet been specified. ] 

 

TABLE 2 

IMT technical parameters for base stations and user equipment 
Parameters IMT Base station IMT User equipment 

Frequency  3.4 GHz  3.4 GHz 

Antenna 8×8 array elements, 
80°/65° 3-dB width, Gelem=5 dBi, 

30 dB f/b ratio, 
spacing: dH=0.6λ, dV=0.9λ 

single element, 
90° 3-dB width, Gelem=5 dBi, 

25 dB f/b ratio 

Total integrated gain correction +3.81 dB (composite beam) +2.44 dB (single element) 

Tilt -10° (urban/rural) 0° 

Ptx x dBm per element x dBm per element 

Antenna height 20 m (urban/rural) 1.5 m 

Spectral mask -x dBc (spurious gain) -x dBc (spurious gain) 

Ohmic losses -3 dB -3 dB 

Other losses n/a 4 dB (body loss) 

Spectral power density in RAS 
band 

-49 dBm/MHz (spurious) -49 dBm/MHz (spurious) 

Total tx power into RAS band -66 dBm (spurious) -70 dBm (spurious) 

Network loading factor 20% n/a 

TDD activity factor 80% 20% 

Rb (housing ratio) 5% 5% 

Ra (ratio of hotspot area to housing 
area) 

40% (urban), 1% (rural) 40% (urban), 1% (rural) 
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Ri (indoor ratio) n/a 7% (urban), 50% (rural) 

Deployment density in hotspot area 3.1 km-2 (nominal) 

0.063 km-2 (urban) 
0.002 km-2 (rural) 

63 km-2 (nominal) 

1.17 km-2 (urban) 
0.016 km-2 (rural) 

 Distribution of user equipment (relative to base station) 

Distance distribution Rayleigh(0, 200) (urban) 

Rayleigh(0, 300) (rural) 

Angular distribution Uniform(-60, 60) 

 

1.1.2.1 Base stations 

The base stations utilize 8×8 antenna elements, each with Ptx=xx dBm (as yet undefined). The 
considered RAS band is assumed to be in the spurious domain of unwanted emissions with 
respect to the 3.4-3.6 GHz MS band, with a relative gain of -xx dBc (as yet undefined). and 
additional ohmic losses of -3 dB. The spurious emission level into the RAS band is -49 dBm/MHz. 

Although Rec M.2101 proposes the use of the single-element antenna pattern for compatibility 
studies with the RAS in the spurious domain, based on recent experiences with similar 
compatibility studies involving the FS and IMT equipment at 34 GHz (BNetzA DOC?), where the 
composite antenna pattern was used, we also decided to use the composite antenna pattern for 
the present study. Calculations are provided for two values of the efficiency coefficient, ρ: with 
ρ=0.2 and ρ=0.8. We show only one antenna pattern in Figure 1, for ρ=0.8. 

 [CRAF note: The choice between the single-element or the composite antenna pattern  is currently 
under debate. Germany’s administration BNetzA recently informed us that for nearby-bands 
scenarios the composite pattern is more realistic, if the efficiency coefficient, ρ, is set to a value 
between 0 and 1.] 

 

FIGURE 1 

Composite antenna gain of an IMT base station, ρ=0.8  

 
 

For BS, the antenna heights have to be considered. To improve the gain after beam-forming, the 
arrays are furthermore slightly tilted with respect to the horizon. 

1.1.2.2 User equipment 



 Page 10 

 

 

Compared to the base stations, the UE have phased array antenna, so the single-element pattern 
has to be applied. Since the relative gain in the spurious domain is -xx dBc (as yet undefined) and 
ohmic losses being -3 dB, their emitted power in the spurious domain is also -49 dBm/MHz.  
Additionally, 4 dB body absorption loss is applied.  

The UE single-element antenna gain is visualised in Figure 2. The user equipment will have 
antenna arrays on the front and the back, and it is assumed that all UE antenna frame normal 
vectors will be pointing at most 60° away from the direct sight lines to their associated BSs. 

 

FIGURE 2 

Antenna gain of a single element of IMT user equipment

 
1.1.3     Propagation and clutter models 

For this generic compatibility study, a flat (smooth-earth) propagation model according to 
Recommendation ITU-R P.452-16 is used, accounting for the relative angle between the 
propagating path and the boresight of the IMT antenna elements (including BS tilt and UE 
rotations) that influences the effective antenna gain. Furthermore, in case the composite antenna 
pattern has to be used, the position of the formed beam changes the effective gain towards the 
RAS station. Further details on this are discussed in Section 1.1.3.2. Parameter p, as defined in 
Recommendation ITU-R P.452-16, was assumed not to be exceeded for 2% of the time, following 
recommends 2 of Recommendation ITU-R RA.1513. 

Study Group 3 advised ITU-R TG 5/1 in Document 5-1/38 that calculating diffraction using only a 
flat (smooth earth) profile is not necessarily the lowest loss case and should therefore not be used 
as a simplified model”. Nevertheless, this study considered a flat (smooth earth) profile in order to 
allow for the results to be general rather than site specific. As a result, when interpreting the results 
of this study it will be important to keep in mind the limitations of this method and that interference 
could occur at greater distances in some instances. It should be noted however that the results 
concerning the single-interferer scenario presented in this study are compatible with those from 
Document 5-1/73 where detailed terrain profiles were used. 

For the deployment of IMT equipment around RAS stations, case studies for individual RAS 
stations may be required, which can only be performed using detailed and specific information 
about deployment scenarios for IMT equipment. 

For the prediction of clutter loss Recommendation ITU-R P.2108 was used, following the guidance 
provided in Document 5-1/38.  This new algorithm depends only on frequency, distance and the 
location percentage, pL. The latter quantity is to be understood as the percentage of emitters 
(spread across an urban or suburban zone) producing the lowest clutter loss. For example, if pL is 
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2%, (i.e., adopting a worst case scenario) the value returned by the method indicates that for 2% of 
all cases the clutter loss will be lower than the value.  

At 3.4 GHz and for distances larger than 5 km, clutter loss values for pL=2% are about 16.3 dB. In 
the case of aggregate emissions, an integration of received powers over a sufficiently large area 
will be performed. Therefore random pL values, ranging from 0% to 100% are assigned to each BS 
and UE device. The expectation value of the clutter loss distribution for distances larger than 5 km 
is 24.4 dB at 3.4 GHz.  

Typical atmospheric conditions (temperature: 20°C, pressure: 1 013 mbar) were assumed. For IMT 
equipment, the path attenuation is not dependent on the associated zone (urban/rural), as the 
clutter type is the same for both zones, and the BS antenna heights are the same. The resulting 
path attenuation values are displayed in Figure 3 for BS and UE, respectively. For UE an additional 
4 dB of body absorption loss needs to be taken into account. 

 

FIGURE 3 

Path attenuation of BS and UE as a function of distance to the RAS station obtained using  
Recommendations ITU-R P.452-16 and P.2108 

 

 
 

1.2 Single-interferer scenario 
For the single-interferer case the worst-case situation of a BS or UE device pointing directly 
towards the RAS station is of main concern.  

1.2.1 Base stations 
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In the case of base stations, the tilt of the transmitting antenna arrays has to be accounted for 
(-10°). Using the given antenna patterns (see Figures 1 and 2), the effective gain towards the RAS 
station was calculated. In combination with the total power transmitted into the RAS band and the 
total path attenuation, the power received at the RAS station is determined and visualized in Figure 
4. 

Furthermore, additional curves for a transmitter power of –68 dBm/MHz are provided, which is 
19 dB below the transmitter power of –49 dBm/MHz as given in the draft ECC Report.  

The horizontal dashed red line indicates the Recommendation ITU-R RA.769 power threshold level 
for detrimental interference. The interception of the received power plots with the dashed red line 
therefore defines the radius of the exclusion zone that would be necessary to protect the RAS 
station. 

FIGURE 4 

Single-interferer scenario for BS and UE. The total received power is shown as a function of distance 
to the RAS station for two different transmitter power levels. The composite antenna pattern with 

ρ=0.8 was used for the case of BS. 

 
1.2.2   User equipment 

As for the BS (Section 1.1.2.1), the single-interferer case was also studied for UE.  

4 also shows the single-interferer received powers (green curves) obtained for a transmitting 
antenna tilt of 0°. 
1.3     Aggregated power scenario 
Not only the single-interferer scenario has to be considered for a compatibility study but also the 
aggregated power scenario, which considers the impact of the accumulated emitted power of all 
IMT devices around an RAS station. Here a Monte Carlo simulation is used to infer the total 
aggregated power of an ensemble of BS and UE devices, which are located randomly in a box of 
sufficient size, adhering to the given distribution functions. 
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1.3.1 IMT equipment deployment 

In Recommendation ITU-R M.2101 several possible deployment topologies are discussed, such as 
hexagonal or Manhattan-style grid layouts. Typical deployment number densities and other 
technical parameters are provided in the draft ECC Report and Document 5-1/36. 

In the particular case that is analysed here, the network topology can be neglected because one 
needs to average over a very large region such that the aggregated power at the RAS station will 
be completely defined by the constant deployment densities defined in the draft ECC Report and 
Document 5-1/36 (per zone type: urban and rural).  

Following the draft ECC Report, it is assumed that parameter Rb = 5% (percentage of the 
considered area which has housing), and that Ra = 40% Urban and 1% Rural. Not all UEs are 
considered to be located outdoor. The fraction, Ri, is the indoor percentage and is 7% (urban) and 
50% (rural), respectively. However, as the building entry loss is rather large, only the outdoor UE 
devices are considered for this study. Accounting for the Ra, Rb and Ri fractions, for urban zones, 
up to 0.063 BSs (or 1.17 UEs) per square kilometre could be present. In rural zones, the numbers 
are lower (0.002 BSs and 0.016 UEs). 

[CRAF note: the draft ECC Report gives Rb=0.9 (urban) and 0.1 (rural), which seems much too 
high, especially for an urban environment. Therefore, we have used the Rb value of 0.05 for both 
urban and rural zones proposed in Document 5-1/36.] 

In practice, urban areas in a region are often clustered. Since no distribution functions for the BS 
and UE device locations to be used in generic studies were specified so far, a uniform distribution 
is used here as a reference. Nevertheless, to analyse the impact of clustering effects, the following 
simple algorithm was developed to produce a typical distribution of urban and rural zones.  

First, a rectangular grid of 400 km × 400 km with cells of size 500 m × 500 m is produced. For each 
cell a random number is drawn from a Normal distribution. The uniform-density generation of urban 
and suburban cells is possible by computing appropriate percentiles: all cells with a random value 
above (100% − (&'()*'+ +	&')()'.)&*) are classified as rural, while cells with random values above 
(100% − &'()*'+&*) are classified as urban. The result of this is visualised in Figure 5.1. To achieve 
a clustering effect, a correlation length between adjacent pixels has to be introduced. This is 
possible by smoothing the original grid of random numbers with a blurring filter such as a Gaussian 
filter. To achieve a realistic effect, three different kernel scales, σk, and relative amplitudes were 
used simultaneously: σk =2 km, 5 km, and 15 km with relative amplitudes of 30%, 30% and 40%. 
Again, calculating distribution percentiles of the smoothed random number field leads to the 
classification of zone types, displayed in Figure 5.2. 

[CRAF note: In our ad-hoc current clustering algorithm, for the 3.4 GHz case rural zones are often 
adjacent to urban zones and not scattered in between them.] 
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FIGURE 5.1 

Sampling of urban and rural zones with uniform density; the right panel shows a zoom-in 

 
FIGURE 5.2 

Sampling of urban and rural zones with clustering; the right panel shows a zoom-in 

 
 

The Monte Carlo methodology used here to calculate the aggregated power is straightforward: BSs 
are randomly sampled into urban and rural zones until the total number of devices leads to the 
specified BS number density. For a box of 400 km × 400 km this leads to 250 BS in rural and 
10060 BS in urban zones. To each BS a random azimuthal orientation (bearing) is assigned, and it 
is assumed that three sectors (of 120°) are active per BS.  

From the perspective of a base station, the UE devices are distributed in a forward cone, following 
a radial and angular distribution function as defined in Annex 1 to Document 5-1/92. The distance 
between BS and UE is given by a Rayleigh distribution (urban/rural; see Table 2 for the defining 
parameters). The angular distribution is given by a Uniform distribution per sector, with angles 
restricted within ± 60°. The combination of both distributions defines the desired forward cone. The 
total number of UE devices that are sampled into the box is higher than for BS: 7550 (rural) and 56 
1000 (urban). 

In addition, a UE device can be rotated almost randomly, with the only restriction that the UE-BS 
direction be located within 60 degrees from the antenna normal vector (Annex 1 to Document 5-
1/92). 
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1.3.2. Effective antenna gains and propagation losses 

To infer the effective antenna gains of the BS toward the RAS station it is necessary to calculate 
the directions to the associated UE devices (yielding the Azi and Eli steering direction of the beam) 
as well as to the RAS receiver, both in the antenna reference frame. Likewise, for UE gains the 
direction to the BS and RAS receiver need to be inferred in the UE antenna frame. As the BS and 
UE antenna frames are rotated and tilted this calculation is best performed using 3D vector algebra 
and appropriate rotation matrices. For the direction to the RAS station it is furthermore necessary 
to account for the path propagation horizon angle derived from the propagation loss calculation. In 
Figure 6 an example configuration is visualised. Stars and filled circles show positions of BS and 
UE respectively, whose colours indicate the resulting antenna gain (in dBi) as indicated by the 
colour bar in the figure. For visualisation purposes the three sectors of a BS were slightly displaced 
from their true position in the figure, as each BS sector antenna has different effective gain towards 
the RAS receiver. 

Red lines show the vectors between UEs and their BSs. Black arrows indicate the antenna frame 
normal vectors while grey arrows show the direction to the RAS receiver. It is noted that only a 
projection onto the x-y plane is visualized, although 3D vectors are used throughout the simulation. 
As the length of all arrows is equal in 3D, the apparent length of the arrows in Figure 6 is an 
indicator of their z-component. 

The larger the resulting effective antenna gain towards the RAS station, the closer the vector 
between UE and BS aligns (red lines) with the vector to the receiver (grey arrows). But also the 
orientation of the transmitting antenna arrays (black arrows) plays a role, because it changes the 
side-lobes of the formed beam. For example, a rotation about the forward direction (defined by the 
antenna normal vector) will only mildly change the forward gain, but can have significant impact on 
the gain into any other direction. 

One detail, which needs to be considered in the calculation of the BS gain for the composite-array 
scenario, is that one BS often serves multiple UEs. In such cases, the effective BS gain was 
determined by averaging over the individual gains resulting from the beam pointing to the various 
UE devices. 

The propagation losses can simply be derived from the ITU-R P.452-16 prediction over the 
distance given by the respective grid cell to the map centre (where the RAS station is situated). As 
discussed in Section 1.1.1.3. the clutter losses are calculated by assigning a random pL (uniformly 
distributed over the range 0% to 100%). 
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FIGURE 6 

Example of a BS-UE configuration 

 
 

1.3.3 Integrated power at RAS receiver 

Each Monte Carlo iteration (i.e., one realization of a BS+UE configuration within the box) yields a 
total power level received at the RAS station, which is calculated by simply aggregating all 
individually emitted power levels and accounting for antenna gains and propagation loss. In 
practice, in effectively all cases the RAS interference threshold levels are exceeded.  

A minimal separation distance can be calculated by determining the received power as a function 
of a separation distance (exclusion radius) si. For each si the total contribution of devices outside a 
circular zone of radius si is inferred. As this is performed for each iteration, an ensemble of curves 
(received power as a function of separation distance) is generated. By studying the distribution 
percentiles, the 50% (median) or highest 2% curve can be extracted. The latter matches the 
highest acceptable data loss for RAS, following Recommendation ITU-R RA.1513. The minimal 
separation distances are defined by the crossing points of the received-power curves with the 
threshold power level for detrimental interference given in Recommendation ITU-R RA.769. 

For each of the two deployment scenarios (uniform density and clustered), as well as for the two 
composite antenna efficiencies (r=0.2 and 0.8), a Monte Carlo simulation was run. In Figures 7 to 
10 the ensemble curves and distribution percentiles are displayed for the various scenarios. Again, 
curves (2% only) were added for a spurious power level value of -68 dBm/MHz for comparison. 
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FIGURE 7 

Aggregated power (uniform density, ρ=0.8) as a function of separation distance.  
Top panel: Monte Carlo simulation results for the -49 dBm/MHz spurious emission level 

 
Bottom panel: curves for the -49 and -68 dBm/MHz spurious emission levels 
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FIGURE 8 

Aggregated power (clustered, ρ=0.8) as a function of separation distance.  
Top panel: Monte Carlo simulation results for the -49 dBm/MHz spurious emission level 

 
Bottom panel: curves for the -49 and -68 dBm/MHz spurious emission levels 
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FIGURE 9 

Aggregated power (uniform density, ρ=0.2) as a function of separation distance 
Top panel: Monte Carlo simulation results for the -49 dBm/MHz spurious emission level 

 
Bottom panel: curves for the -49 and -68 dBm/MHz spurious emission levels 
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FIGURE 10 

Aggregated power (clustered, ρ=0.2) as a function of separation distance 
Top panel: Monte Carlo simulation results for the -49 dBm/MHz spurious emission level 

 
Bottom panel: curves for the -49 and -68 dBm/MHz spurious emission levels 
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1.4 Summary and analysis of the results 
 

For the generic compatibility study between the RAS in the frequency range 3.33-3.35 GHz and 
IMT systems in the frequency band 3.4-3.6 GHz it was assumed that the RAS will be affected in 
the spurious domain of the emission mask of the IMT devices. Both single-interferer and aggregate 
emission scenarios were studied. 

Results are listed in Table 3 as separation distances, or exclusion zone radii, around RAS stations 
for two levels (power spectral density) of spurious emission from IMT equipment, -49 dBm/MHz 
and -68 dBm/MHz. For the single-interferer case radii were calculated for two different kinds of 
environmental zones (urban and rural). However, as clutter types and antenna heights are equal 
currently, the results are identical. 

For spurious emissions of IMT systems at the -49 dBm/MHz level, in a typical deployment scenario 
assuming a constant density of BSs and UEs around an RAS station, for user equipment  
separation distances of 1 km will be required for a single interferer and 4 km for aggregate 
emissions,  whereas for base stations separation distances are 25 km for a single interferer and 
16 km for the aggregate scenario. If the combined aggregated emissions of both BSs and UEs are 
considered, a separation distance of 17 km is necessary. Here, only the uniform-density results 
(ρ=0.8) for the aggregation have been considered, because the final clustering properties to be 
used are not known yet. If the spurious emission limits were more strict at -68 dBm/MHz, much 
smaller separation distances were necessary, of about 1 km for UE and BS combined (aggregate 
scenario). 

A flat-earth terrain profile was used in all cases; separation distances will decrease in case of 
mountainous terrain. Concerning the use of detailed terrain profiles, it is noted that for a similar 
generic study regarding the RAS in the passive band 23.6-24 GHz the results for the single-
interferer scenario are consistent with those of Document 5-1/73, where detailed terrain profiles 
were used. 
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TABLE 3 

 Separation distances around RAS stations for various scenarios, ρ=0.8 

Zone Pspurious 
(dBm/MHz) 

Separation distance 
for BS (km) 

Separation distance 
for UE (km) 

Separation distance for 
BS+UE (km) 

Single interferer 

Urban -49 25  1 n/a 

Rural -49 25 1 n/a 

Urban -68 2 1 n/a 

Rural -68 2 1 n/a 

Aggregate scenario, uniform density (2%)  

 -49 16 4 17 

-68 1  1 1 

Aggregate scenario, clustered (2%) 

 -49 26 10 27 

 -68 1 1 1 

 

TABLE 4 

 Separation distances around RAS stations for various scenarios, ρ=0.2 

Zone Pspurious 
(dBm/MHz) 

Separation distance 
for BS (km) 

Separation distance 
for UE (km) 

Separation distance for 
BS+UE (km) 

Single interferer 

Urban -49  12  1 n/a 

Rural -49  12  1 n/a 

Urban -68  1  1 n/a 

Rural -68  1 1 n/a 

Aggregate scenario, uniform density (2%)  

 -49 6  4 10 

-68  1  1 1 

Aggregate scenario, clustered (2%) 

 -49 17 10 19 

 -68 1 1 1 
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Introduction 

A first version of this compatibility study was submitted to PT1 as Document PT1(17)103 and to 
ITU-R Task Group 5/1 as Document 5-1/74. This is a revised version of Document 5-1/74. The 
comments made during the May 2017 meeting of Task Group 5/1 were included as Editor's notes 
in Attachment 2 to Annex 3 to Document 5-1/92 - we kept these notes in the present version. All 
editor's notes were taken into account. This did not change the results of the compatibility study 
however. 

This compatibility study concerns the protection of the radio astronomy service (RAS) in its primary 
frequency band 23.6-24.0 GHz from unwanted emissions of IMT base stations (BS) and user 
equipment (UE) operating in the frequency band 24.25-27.5 GHz. Both single interferer and 
aggregated emission scenarios are considered. The results are expressed in terms of RAS-IMT 
equipment separation distances, i.e., the radii of exclusion zones around RAS antennas. No terrain 
profile effects were taken into account, and a flat terrain was assumed. 

The passive band 23.6-24 GHz is extremely important to the RAS for narrow band observations of 
spectral lines of the NH3 molecule, whose distribution in our Galaxy and relation to the other 
discovered molecules is a very important probe for interstellar chemistry. This band is also used 
regularly for continuum (broadband) observations of a large range of celestial sources such as 
pulsars, black holes and galaxies with active nuclei. 

1 Study parameters 

1.1 RAS station parameters 

[Editor’s note: Please consider apportionment.] 

Among the IMT frequency bands under consideration, the band 24.25-27.5 GHz is the nearest to 
the 23.6-24 GHz passive band, in which the radio astronomy service (RAS) has a primary 
allocation. Threshold levels for interference detrimental to RAS observations are listed in Table 1; 
they are based on Recommendation ITU-R RA.769 (see also Document 5-1/27). For the RAS 
station an isotropic antenna with a gain of 0 dBi with a height of 50 m above the ground is 
assumed. A list of RAS stations operating in the frequency band 23.6-24 GHz is given in Annex A. 

No modification has been applied to the interference threshold levels based on apportionment. The 
RAS expert group, WP 7D, will address this issue during its next meeting in October 2017. It is 
noted that about ten active services are already operating in the frequency range around the 
passive band 23.6-24 GHz, which can all potentially cause interference to RAS observations.  
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TABLE 1 
Protection criteria for radio astronomy observations in the frequency band 23.6-24 GHz 

RAS allocation status 
RR Footnotes 1 

RAS use 2 

IMT/RAS band situation 

RAS protection criteria from Recommendation ITU-R RA.769-2 

 
primary allocation 

RR No. 5.340 
broadband, narrowband 

nearby band 

 
 

 Power entering 
receiver 

Spectral 
PFD 

Interference (continuum 
measurements); from RA.769 

-195 dBW / 
400 MHz 

-233 
dBW/m2 Hz  

Interference (spectral line 
measurements); from RA.769 

-210 dBW / 
250 kHz 

-215 
dBW/m2 Hz 

Antenna noise temp. (K) 15 15 
Receiver noise temp. (K) 30 30 

 

 
Notes to Table 1: 
1) RR No. 5.340: The RAS frequency band 23.6-24 GHz is not shared with active services and subject to 

footnote No .5.340 of the RR, which states that “All emissions are prohibited” in these bands. Thus, all in-
band transmissions, including those of IMT, are forbidden in these bands. 
Emissions from other bands into the bands should remain below the thresholds for detrimental 
interference listed in Recommendation ITU-R RA.769-2, at any RAS site. 

2) The term “Broadband” corresponds to “continuum” observations (see Table 1 of Recommendation ITU-R 
RA.769-2) and “narrowband” to “spectral line” observations (see Table 2 of Recommendation ITU-R 
RA.769-2), respectively. 
Both in-band emissions in these RAS bands and emissions from outside these RAS bands falling into 
them should remain below the thresholds for detrimental interference given in Recommendation ITU-R 
RA.769-2, subject to Recommendation ITU-R RA.1513 which provides with 2% data loss to the RAS due 
to interference by all stations of one service, and with an aggregate data loss of 5% in any band from all 
services. 

1.2 IMT parameters 

The IMT technical parameters used for this study are adopted from Attachment 2 to 
Document 5-1/36, and summarized in Table 2. The typical deployment densities are defined as a 
function of the environment of the IMT BS and UE, urban or suburban. For larger-area compatibility 
studies, Document 5-1/36 also distinguishes which fraction of the land is to be assigned to urban or 
suburban zones. The base stations are usually not operating at 100% of their maximum capacity. 
In the calculations a network loading factor of 50% is assumed. The time division duplex (TDD) 
activity factors are 80% for base stations and 20% for user equipment. Antenna patterns are also 
taken from Attachment 2 to Document 5-1/36. 

TABLE 1 
IMT technical parameters for base stations and user equipment 

Parameters IMT Base station IMT User equipment 
Frequency 24.25 GHz 24.25 GHz 
Antenna 8×8 array elements, 

65° 3-dB width, Gelem=5 dBi, 
30 dB f/b ratio, λ/2 spacing 

4×4 array elements, 
90° 3-dB width, Gelem=5 dBi, 
25 dB f/b ratio, λ/2 spacing 
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Tilt -15° (suburban open space), 
-10° (urban/suburban) 

0° 

Ptx 10 dBm per element 10 dBm per element 
Antenna height 15 m (suburban open 

space), 
6 m (urban/suburban) 

2 m 

Spectral mask -38 dBc (spurious gain) -32 dBc (spurious gain) 
Ohmic losses -3 dB -3 dB 
Other losses n/a 4 dB (body loss) 
Spurious emissions (spectral 
power density in RAS band) 

-13 dBm/MHz -13 dBm/MHz 

Total tx power into RAS band 13 dBm 13 dBm 
Network loading factor 50% n/a 
TDD activity factor 80% 20% 
Rb (housing ratio) 5% 5% 
Ra (ratio of hotspot area to 
housing area) 

7% (urban), 3% (suburban) 7% (urban), 3% (suburban) 

Deployment density in 
hotspot area 

30 km-2 (urban), 
10 km-2 (suburban), 

1 km-2 (suburban open 
space) 

100 km-2 (urban), 
30 km-2 (suburban) 

 

1.2.1 Base stations 

The base stations utilize 8×8 antenna elements, each with Ptx=10 dBm. The considered RAS band 
is in the spurious domain (Df ≥ 400 MHz) with respect to the 24.25-27.5 GHz MS band under 
consideration, with a relative gain of -38 dBc and additional ohmic losses of -3 dB. The spurious 
emission into the RAS band is -13 dBm/MHz (or 13 dBm over the full RAS bandwidth). For 
compatibility studies with the RAS in the spurious domain, the single-element antenna pattern is to 
be used, which is displayed in Figure 1. 
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FIGURE 1 

Antenna gain of a single element of an IMT base station 

 

For BS, different antenna heights have to be considered, depending on the environment (urban or 
suburban). To improve the gain after beam-forming, the arrays are furthermore slightly tilted with 
respect to the horizon. 

1.2.2 User equipment 

Compared to the base stations, the UE have fewer elements (4×4) contained in an array, but with 
the same transmitting power of 10 dBm. Since the relative gain in the spurious domain is -32 dBc 
and ohmic losses being -3 dB, their emitted power in the spurious domain is also -13 dBm/MHz (or 
13 dBm over the full RAS bandwidth). The single-element antenna gain is visualized in Figure 
2Figure . 
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FIGURE 2 

Antenna gain of a single element of IMT user equipment 

 

1.3 Propagation and clutter models 

[Editor’s note: Please confirm if only land-path was used and provide information for sea-path as 
well if possible.] 

[Editor’s note: Please consider the guidance from SG 3 in Document 5-1/38 regarding flat (smooth) 
Earth profile is not necessarily the lowest loss case and should not be used as a simplified model.]  

[Editor’s note: Please provide source for using a time percentage of 2%.  It was suggested that it 
may come from Recommendation ITU-R RA.1513 recommends 2.  

For this preliminary compatibility study, a flat (smooth-earth) propagation model according to 
Recommendation ITU-R P.452-16 is used, accounting for the relative angle between the 
propagating path and the boresight of the IMT antenna elements (including tilt) that influences the 
effective antenna gain; see Figure 3 and Figure 4. Parameter p was assumed not to be exceeded 
for 2% of the time, following  recommends 2 of Recommendation ITU-R RA.1513. 

It is noted in Document 5-1/38 that calculating diffraction using only a flat (smooth earth) profile is 
not necessarily the lowest loss case and should therefore not be used as a simplified model. It 
should be noted however that the results concerning the single-interferer scenario presented in this 
study are compatible with those from Document 5-1/73, where detailed terrain profiles were used.  

We considered only a land-path in our calculations, as none of the RAS stations that operate in the 
frequency band 23.6-24 GHz (see Annex) is located near a large body of water, to the best of our 
knowledge: although the radio telescopes at the Pulkovo and Svetloe observatories, both near 
Saint Petersburg in the Russian Federation, are located near the sea, they do not operate in this 
frequency band.   

For the prediction of clutter loss draft new Recommendation ITU-R P.[CLUTTER] (see Document 
3/51(Rev.1)) was used, following the guidance provided in Document 5-1/38.  This new algorithm 
depends only on frequency, distance and the location percentage, pL. The latter quantity is to be 
understood as the percentage of emitters (spread across an urban or suburban zone) producing 
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the lowest clutter loss. For example, if pL is 2%, (i.e., adopting a worst case scenario) the value 
returned by the method indicates that for 2% of all cases the clutter loss will be lower than the 
value. At 24 GHz and for distances larger than 5 km, clutter loss values for pL=2% are about 24 dB, 
whereas Recommendation ITU-R P.452-16 predicts up to 20 dB clutter attenuation. In the case of 
aggregate emissions, an integration of received powers over a sufficiently large area will be 
performed. Therefore, it is suitable to work with the expected value of the clutter loss, which can be 
calculated via integration over all possible pL values, ranging from 0% to 100%. Here, the clutter 
loss for distances beyond 5 km at 24 GHz is 32.6 dB.  

Typical atmospheric conditions (temperature: 20°C, pressure: 1013 mbar) were assumed. For IMT 
equipment, the path attenuation is dependent on the associated zone (urban/suburban), as the 
clutter type changes accordingly. Likewise, the BS antenna heights have an impact on the 
attenuation. The resulting path attenuation values are displayed in Figure 5 and Figure 6 for UE 
and BS respectively. In the figures, there are two curves for the total path attenuations (including 
clutter): one for the expected value of the clutter loss and another for the pL=2% case. For UE an 
additional 4 dB of body absorption loss needs to be taken into account for. 

FIGURE 3 

Example of BS element gain as a function of distance to the RAS station  
and relative bearing. A tilt angle of -10° was assumed  
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FIGURE 4 

Example of UE element gain as a function of distance to the RAS station  
and relative bearing. A tilt angle of 0° was assumed 
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FIGURE 5 

Path attenuation of UE as a function of distance to the RAS station obtained using  
Recommendations ITU-R P.452-16 and DNR ITU-R P.[CLUTTER] 
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FIGURE 6 

Path attenuation for BS as a function of distance to the RAS station obtained using  
Recommendation ITU-R P.452-16 and DNR ITU-R P.[CLUTTER] 

 

2 Single-interferer scenario 

For the single-interferer case the worst-case situation of a BS or UE device pointing directly 
towards the RAS station is of main concern. Nevertheless, also the cases of 45° and 90° relative 
bearings with respect to the RAS station location have been analysed. 

2.1 Base stations 

In the case of base stations, the tilt of the transmitting antenna arrays has to be accounted for (–
10° or –15° depending on the environmental zone). Using the given antenna pattern (Figure 1), the 
effective gain towards the RAS station was calculated. In combination with the total power 
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transmitted into the RAS band and the total path attenuation, the power received at the RAS 
station for different azimuth angles is determined and visualized in Figure 7.  

Furthermore, additional curves for a transmitter power of –30 dBm/MHz are provided, which is 
17 dB below the nominal transmitter power of –13 dBm/MHz as given in Document 5-1/36. This 
spurious spectral power value of -30 dBm/MHz has previously been determined as the maximum 
permitted level of spurious domain emissions of any unwanted component supplied by a 
transmitter to the antenna transmission line for Category B equipment, i.e., the category of limits 
defined and adopted in Europe and used by some other countries (see Table 3 in 
Recommendation ITU-R SM.329) and has been routinely used for other IMT compatibility studies.  

The horizontal dashed red line indicates the Recommendation ITU-R RA.769 power threshold level 
for detrimental interference. The interception of the received power plots with the dashed red line 
therefore defines the radius of the exclusion zone that would be necessary to protect the RAS 
station. 
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FIGURE 7 

Single-interferer scenario for BS. The total received power is displayed as a function 
of distance to the RAS station for various azimuth levels and two different transmitter 

power levels 
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2.2 User equipment 

As for the BS (Section 0), the single-interferer case was also studied for UE. Figure 8 shows the 
single-interferer received powers obtained for a transmitting antenna tilt angles of 0° for different 
azimuth angles. 

FIGURE 8 
Single-interferer scenario for UE. The total received power is displayed as a function 
of distance to the RAS station for various azimuth levels and two different transmitter 

powers 

 

3 Aggregated power scenario 

[Editor’s note: Please provide information about the methodology and topology used to determine 
aggregate interference from IMT systems.] 
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Not only the single-interferer scenario has to be considered for a compatibility study but also the 
aggregated power scenario, which considers the impact of the accumulated emitted power of all 
IMT devices around an RAS station. In Recommendation ITU-R M.2101 several possible 
deployment topologies are discussed, such as hexagonal or Manhattan-style grid layouts. Typical 
deployment number densities and other technical parameters are provided in Document 5-1/36, 
which also recommends to use values from its Tables 10-13 for "studies involving IMT-2020 
deployments in bands between 24.25 and 86 GHz over larger areas". 
 
In the particular case that is analyzed here, the network topology can be neglected because one 
needs to average over a very large region such that the aggregated power at the RAS station will 
be completely defined by the constant deployment densities defined in Document 5-1/36 (per zone 
type: urban, sub-urban and open-space). Only for the cells adjacent to the RAS station, this 
approach would lead to incorrect estimates. However, as shown for the single-interferer case, no 
IMT equipment can be deployed within these adjacent areas. 

Case studies for individual RAS stations that concern the aggregate emission scenario can only be 
performed once detailed and specific information about deployment scenarios for IMT equipment 
has been provided. 

The methodology used here to calculate the aggregated power is straightforward: the area around 
the RAS station is divided into rings, Ri, of 1 km width each, the number of BS and UE within the 
ring is calculated (using the average deployment densities) and the individually received power 
levels caused by these devices at the RAS station is added up. The cumulative distributions (CDF) 
are then the cumulative sum over the rings, starting from the innermost ring. However, for this 
compatibility study, it is more relevant to calculate the necessary separation distances around an 
RAS station. Therefore, the aggregated power in the following figures is displayed as a function of 
exclusion-zone radius, i.e., for each radius, ri, the sum of the powers received from rings Ri to Rmax 
is determined. 

Since the calculations are based on a uniform deployment of IMT equipment, all azimuthal angles 
will be equally likely. Therefore, an azimuthal-average can be used for the computation of the 
antenna-element gain (see Figure 9). Following Document 5-1/36, it is assumed that parameter Rb 
= 5% (percentage of the considered area which has housing), and that Ra = 7% Urban and 3% 
Suburban. For Urban zones, up to 30 BSs (or 100 UEs) per square kilometre could be present. In 
suburban zones, the numbers are lower (10 BSs and 30 UEs). There is also the special case of 
suburban open-space deployment, with 1 BS and 30 UEs per km2. 
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FIGURE 9 
Azimuthal-average for the antenna-element gain across a range of tilt angles  

 

3.1 Base stations 

The aggregated power is calculated as a function of exclusion zone radius, for the same two 
spurious spectral power values used in the single-interferer scenario, -13 dBm/MHz 
and -30 dBm/MHz (see Figure 10). From this the exclusion zone radius can be derived where the 
aggregated power reaches the interference threshold levels from Recommendation ITU-R RA.769, 
to ensure compatibility between RAS and IMT BS. 
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FIGURE 10 

Aggregated power for BS with different network loading factors as a function of exclusion 
zone radius.  

 

3.2 User equipment 

As for the BS (Section 3.1), the aggregated power for UE as a function of exclusion zone radius is 
presented in Figure 11. 
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FIGURE 11 

Aggregated power for UE as a function of exclusion zone radius. 

 

4 Summary and analysis of the results 

Results are listed in Table 3 as exclusion zone radii, or separation distances, around RAS stations 
for two levels of spurious emission from IMT equipment. For the single-interferer case the radii 
were calculated for three different kinds of environmental zones. The assumed nominal level 
(power spectral density) of spurious emission into the RAS band is -13 dBm/MHz. The entries for 
the -30 dBm/MHz level are provided for comparison as they reflect the standard spurious emission 
level used for similar IMT scenarios at other frequencies (see Table 3 of Recommendation ITU-R 
SM.329).  

For spurious emissions of IMT systems at the -13 dBm/MHz level, in the case of user equipment 
exclusion zones of 22 km radius will be required for a single interferer and 37 km for aggregate 
emissions, in a typical deployment scenario assuming a constant density of BSs and UEs around 
the RAS station. For base stations, exclusion zone radii are 42 km for a single interferer and 46 km 
for the aggregate scenario. A flat-earth terrain profile was used in all cases; separation distances 
will decrease in case of mountainous terrain. The results regarding the single-interferer scenario 
are consistent with those of Document 5-1/73, where detailed terrain profiles were used; the 
aggregate scenario was not considered in Document 5-1/73. 
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TABLE 3 
Exclusion zone radii around RAS stations for various scenarios 

Zone Pspurious 
(dBm/MHz) 

Separation 
distance for BS 

(km) 

Separation 
distance for UE 

(km) 
Single interferer 
Urban -13 42 22 
Suburban -13 42 22 
Suburban open space -13 42 n/a 
Urban -30 11 4 
Suburban -30 11 4 
Suburban open space -30 11 n/a 
Aggregate scenario 
 -13 46 37 

-30 15 9 

 

5 Reference documents 

 
• ITU-R TG 5/1 document 5-1/36 [IMT.Parameter] (draft new Recommendation): “Liaison 

statement from WP 5D to Task Group 5/1 on spectrum needs and characteristics for the 
terrestrial component of IMT in the frequency range between 24.25 GHz and 86 GHz” 

• ITU-R TG 5/1 document 5-1/38: “Liaison statement to Task Group 5/1 - Guidance on the use of 
ITU-R P-Series Recommendations for interference prediction and sharing studies under WRC-
19 agenda item 1.13” 

• ITU-R TG 5/1 document 5-1/27: “Liaison statement to Task Group 5/1 on parameters 
concerning the radio astronomy service for WRC-19 agenda item 1.13” 

• ITU-R SG03 document 51 [IMT.Clutter] (draft new Recommendation): “Prediction of clutter loss” 
• ITU-R TG 5/1 document 5-1/92: “Report on the meeting of Task Group 5/1 (15-23 May 2017)”    

• ITU-R TG 5/1 document 5-1/73 (France): “Compatibility study between potential new MS 
systems in the band 24.25-33.4 GHz and the radio astronomy service in the passive band 23.6-
24 GHz ” 

• ITU-R TG 5/1 document 5-1/74 (CRAF): “Compatibility study between the radio astronomy 
service in the passive band 23.6-24 GHz and IMT systems in the frequency band 24.25-27.5 
GHz” 

• Recommendation ITU-R SM. 329, “Unwanted emissions in the spurious domain” 
• Recommendation ITU-R P. 452, “Prediction procedure for the evaluation of interference 

between stations on the surface of the Earth” 
• Recommendation ITU-R RA. 769, “Protection criteria used for radio astronomical 

measurements” 
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ANNEX A 
 

TABLE A.1 

List of radio astronomy stations operating in the frequency band 23.6-24 GHz 

Region 1 

Country Name N Latitude E Longitude Antenna size (m) 
Finland Metsähovi 60° 13' 05" 24° 23' 36" 30 
France NOEMA 44° 38' 02" 05° 54' 28" 12 of 15 
Germany Effelsberg 50° 31' 29" 06° 53' 03" 100 
Italy Medicina 44° 31' 14" 11° 38'49" 32 

Sardinia 39° 29' 34" 09° 14' 42" 64 
Poland Torun 52° 54' 38" 18° 33' 51" 32 
Russia Dmitrov  56° 26' 00" 37° 27' 00" 32 
Spain Robledo 40° 25' 38" -04° 14' 57" 70 

Yebes 40° 31' 27" -03° 05¢ 22" 40 
Sweden Onsala 57o 23' 45" 11o 55' 35" 20 
 

United 
Kingdom 

Cambridge 52° 10' 01" 00° 03' 08" 32 
MERLIN Darnhall 53° 09¢ 23" -02° 32' 09" 25 
MERLIN Delford 52° 06¢ 01" -02° 08' 39" 25 
Jodrell Bank 53° 14¢ 07" -02° 18' 23" 76 
MERLIN Knockin 52° 47' 25" -02° 59' 50" 25 
MERLIN Pickmere 53° 17¢ 19" -02° 26' 44" 25 

Region 2 

Country Name N Latitude E Longitude Antenna size (m) 
Brasil Itapetinga -23° 11' 05" -46° 33' 28" 14 
 

 

 

 

USA 

GGAO Greenbelt 39° 06' 00" -76° 29' 24" 12 
Green Bank Telescope, 
WVa 

38° 25' 59" -79° 50' 23" 100 

Haystack 42° 36' 36" -71° 28' 12" 37 
Kokee Park 22° 07' 34" -159° 39' 54" 20 
Jansky VLA, NM 33° 58' 22" 

to 
34° 14' 56" 

-107° 24' 40" to  
-107° 48' 22" 

27 of 25 

VLBA Brewster, WA 48° 07' 52" -119° 41' 00" 25 
VLBA Fort Davis, TX 30° 38' 06" -103° 56' 41" 25 
VLBA Hancock, NH 42° 56' 01" -71° 59' 12" 25 
VLBA Kitt Peak, AZ 31° 57' 23" -111° 36' 45" 25 
VLBA Los Alamos, NM  35° 46' 30" -106° 14' 44" 25 
VLBA Mauna Kea, HI 19° 48' 05" -155° 27' 20" 25 
VLBA North Liberty, IA 41° 46' 17" -91° 34' 27" 25 
VLBA Owens Valley, CA 37° 13' 54" -118° 16' 37" 40 
VLBA Pie Town, NM 34° 18' 04" -108° 07' 09" 25 
VLBA St. Croix, VI 17° 45' 24" -64° 35' 01" 25 
Hat Creek, CA 40° 10' 44" -119° 31' 53" 6 
Goldstone, CA 35° 25' 33" -116° 53' 22" 70.3 



 Page 20 

 

 

Region 3 

Country Name N Latitude E Longitude Antenna size (m) 

Australia 

Parkes –33º 00' 00" 148º 15' 44" 64 
Mopra –31º 16' 04" 149º 05' 58" 22 
ATCA (Narrabri) –30º 59' 52" 149º 32' 56" 6 of 22 
Tidbinbilla –35º 24' 18" 148º 58' 59" 70 
Hobart (Mt. Pleasant) –42º 48' 18" 147º 26' 21" 26 
Ceduna –31º 52' 05" 133º 48' 37" 30 

China 

 

Miyun 40º 33¢ 29" 116º 58¢ 37" 50 
Sheshan 31º 05¢ 58" 121º 11¢ 59" 25 
Nanshan 43º 28¢ 16" 87º 10¢ 40" 25 
Tianma 31° 05′ 13" 121° 09′ 48" 65 
Delingha 37° 22′ 43" 97° 43′ 47" 14 
QTT 43° 36' 04" 89° 40' 57" 110 

Japan 

Nobeyama 35º 56' 40" 138º 28' 21" 45 
VERA-Mizusawa 39º 08' 01" 141º 07' 57" 20 and 10 
VERA-Iriki  31º 44' 52" 130º 26' 24" 20 
VERA-Ogasawara 27º 05' 31" 142º 13' 00" 20 
VERA-Ishigakijima 24º 24' 44" 124º 10' 16" 20 
Kashima 35º 57' 21" 140º 39' 36" 34 
Usuda 36º 07' 57" 138º 21' 46" 64 
Tomakomai 42º 40' 25" 141º 35' 48" 11 
Gifu 35º 28' 03" 136º 44' 14" 11 
Yamaguchi 34º 12' 58" 131º 33' 26" 32 
Tsukuba 36º 06' 11" 140º 05' 19" 32 

Korea 
(Republic 
of) 

SGOC (Sejong) 36º 31' 12" 127º 18' 00" 22 
KVN-Yonsei 37º 33' 55" 126º 56' 27" 21 
KVN-Ulsan 35º 32' 33" 129º 15' 04" 21 
KVN-Tamna 33º 17' 21" 126º 27' 37" 21 
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